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INTRODUCTION 



In the fall of 1976, the Central Region of the Ministry was made 
aware of development activity on Crystal Lake. As development 
does have the potential to affect water quahty, a water quality 
study of Crystal Lake was undertaken in 1977 to: 

1) determine the water quality and ecological sensitivity of 
{ the Lake, and; 

2) assess the effects of additional development on the water 

I quality of the lake 
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DESCRIPTION OF THE STUDY AREA 

Crystal Lake is located approximately 50 kilometers north of the 
City of Peterborough in the Township of ("ialway (lots 20 to 34, 
Concession X to XII). 

The area is situated in the Precambrian Shield with bedrock 
consisting predominantly of igneous rock. Some limestone is 
also found in the area. The physiography of the area is hilly 
with frequent bedrock outcroppings . Soil is a coarse sandy till 
and soil cover is generally thin. The watershed of Crystal 
Lake is largely forested with mixed deciduous and coniferous 
stands. A small proportion of the watershed (less than 10%) is 
cleared land. 

Four inflows to Crystal Lake were of sufficient flow to be 
sampled during the survey (Figure 1 and 2). The lake level is 
controlled by a dam operated by the Trent Severn Waterway 
Office of Parks Canada. The lake provides for storage of run- 
off during the spring, and downstream flow augmentation during 
summer. Lake water level dropped about 2.1 meters from May 1 
to September 31, 1977. Flow from the lake discharges to Nogies 
Creek which flows southward to Pigeon Lake. 

The following are some morphometric data on the lake and its 
watershed. 

lake surface area (Ao) 4.686 x 10 m 
maximum depth (z ) 33.0 m 

mean depth (z; U-7 m ,-. „ 

lake volume (V) 5.5508 Xg 10 m 

drainage area (Ad) 17.7 km 

Crystal Lake receives heavy recreational use, including swim- 
ming, water skiing, boating, sailing and fishing. There were 
approximately 434 cottages and 21 permanent residences on the 
lakeshore during 1977. Many cottagers use Crystal Lake as a 
supply of domestic water. 

According to the Ministry of Natural Resources the lake sup- 
ports a lake trout and whitefish population. Several plantings 
of lake trout young have been made over past years. 




FIGURE I CRYSTAL LAKE AND ITS DRAINAGE, 
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FIGURE 2 CRYSTAL LAKE SAMPLING STATION LOCATIONS, 1977. 
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SURVEY PROCEDURES 

Several station locations within the lake were sampled during 
the survey (Figure 2). During the winter, routine samples 
were taken from five open lake stations. Station 2 was not 
sampled during the ice free period because winter sampling 
showed that the quality was simOar to that of Station 3. A 
total of 17 sampling trips were made from January 23 to 
November 21, 1977. Four trips were made during the winter 
•when samples were collected through the ice. Thirteen trips 
were made at two or three week intervals through the ice-free 
period of the year. 

The following activities were conducted during each visit to the 
lake. 

a) Lake temperature profiles were obtained using a calibrated 
marine telethermomether (Hydrolab Corp. Model (FT-3M) . 

1 Stream temperatures were taken with a standard laboratory 
thermometer. Dissolved oxygen concentrations through the 
water column at the lake stations and stream stations were 
determined using the azide modification of the Winkler 
method. A calibrated E.I.L. dissolved oxygen meter was 
also used to better define profiles of dissolved oxygen 
concentration at lake stations during the ice free period of 
the year. 

b) Water clarity was measured during the ice free period of 
the year using a Secchi disc. (30 cm diameter disc divided 
into alternative black and white quadrants). 

c) Samples for general water chemistry and phytoplankton 
were obtained as composites at lake stations through to 
10 meters in winter and through the euphotic zone during 
the ice-free period of the year (calculated as twice the 
Secchi disc depth). This was accomplished by lowering 
and raising a one litre bottle through the predetermined 
depth at a rate that allowed complete filling just as the 
bottle was Lifted out of the water. The phytoplankton 
samples were preserved with Lugol's solution. 

d) Samples for water chemistry were taken one meter off the 
bottom at lake stations using a Kemmerer sampler and at 
the inflows and outflow. 

In addition to the above routine sampling, a survey of benthic 
invertebrates in the deeper areas of the lake was conducted on 
August 15, 1978. Samples were taken with a Ponar dredge (22 
X 23 cm) and sifted through a screen bucket with about 0.65 
mm mesh aperture. Invertebrates were "picked" from the 
retained debri using white enamel trays and preserved in 5% 
buffered formalin . 
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Aquatic plant samples were obtained from the lake and ident- 
ified. 

Chemical analyses performed on each water sample included total 
and dissolved reactive phosphorus, free ammonia, total Kjeldhal 
nitrogen, nitrite, nitrate, total iron, allcalinity, hardness, pH, 
sulphates, chlorides, apparent colour and conductivity. On 
September 21, additional analyses were performed for major 
anions and cations. All analyses of water samples were per- 
formed at the MOE lab using standard laboratory methods of the 
Water Quality Section, Laboratory Services Branch. 

Phytoplankton samples were identified and enumerated by staff 
of the Limnology and Toxicity Section, Water Resources Branch. 

Benthic invertebrates were identified and enumerated by staff 
of the Technical Support Section, MOE Central Region. Identi- 
fication of midges was taken to genus according to Mason (1973). 
All other identification were done according to Edmondson 
(1957). 
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SURVEY RESULTS 



Physical Characteristics 

Water clarity as measured by Secchi disc was good with an 
average Secchi disc depth of 4.4, 4.6, 4.6 and 4.3 meters at 
Stations 1, 3, 4 and 5 respectively. Based on Secchi disc 
depth Crystal Lake was considered mesotrophic, bordering" 
oligotrophy. Water colour was low with typical values of 10 
Hazen units at lake stations. Appendix 2 shows temperature in 
the water column through the sampling period at Station 3. 
These values are representative of the open waters of the lake . 
Stratification occured through the winter with warmer water at 
the bottom of the lake. After spring mixing, temperature again 
Stratified and a thermocline (zone of rapid temperature decline) 
was established from approximately 6 to 10 meters). The water 
column was completely mixed again by mid-November. 

Basic Water Chemistry 

Crystal Lake has moderately hard water with average hardness, 
alkalinity and conductivity in the surface waters of 90 mg/1 as 
CaCO„, 81 mg/1 as CaCOo and 186 umhos/cm respectively 
(Appendix 2). The average pH in the surface waters of Station 
3 was 7.82 units with slightly lower pH in the bottom waters 
(minimum at Station 1 bottom waters - 6.85 units). 

Samples taken September 21 for mineral content showed that the 
iwater was ionically balanced and well buffered . Calcium was 
the major cation followed in importance by magnesium, sodium 
and potassium. Bicarbonate was the major anion followed by 
sulphate and chloride (Appendix 3). 

Dissolved Oxygen 

The distribution of dissolved oxygen concentration through the 
water column at each lake station is shown in Appendix 4. 

Dissolved oxygen concentrations in surface waters remained 
near saturation through the year at all lake stations. 

A maximum in concentration occured within the thermocline 
during summer stratification which probably resulted from the 
production of oxygen by phytoplankton inhabiting that layer of 
water. This natural source of oxygen is dependent on 
continued good water clarity. A maximum in dissolved oxygen 
concentration of this nature is common in mesotrophic lakes . 
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Dissolved oxygen concentration was gradually depleted in the 
bottom waters during winter and summer. The depletions were 
probably caused by the biological decomposition of organic 
matter accumulating in the bottom waters , Bottom water dis- 
solved oxygen concentrations reached 0.0 mg/1 at Stations 1, 4 
and 5. This was confirmed by the presence of H^S in the 
bottom water samples from these stations during late August 
and September. A minimum dissolved oxygen concentration of 
. 2 mg/1 was found at Station 3 with no odour of H„S in the 
bottom water samples . 

The oxygen demand of the lake under ice cover in winter 
(WOD) was calculated for Upper Black Bay and Clear Bay 
(Station 4 and 5, Appendix 5), Values of 336 and 384 mg 
0„/m day respectively were higher than WOD in nutrient poor 
lE&es reported by Welch et al (1976). 

The rate of oxygen depletion in the hypolimnion (waters 
beneath the thermoclineX during the summer (AHOD) was calcu- 
lated as 404 mg 0„/m . day for the main body of the lake 
(Station 3, Appendix 5). This value is comparaJale to the deep 
basin of Stony Lake (1971 value of 580 mg/m day, Nicholls 
1975). Based on AHOD hmits set by Hutchinson (1957) Crystal 
Lake was considered eutrophic but according to Mortimer's limits 
(1941) the lake was considered mesotrophic. 

Using optimal conditions for lake trout established for temp- 
erature and dissolved oxygen by fisheries researchers (Scott 
and Grossman 1975, Martin and Olver 1978) it was possible to 
define the depth zone of optimal conditions for lake trout in 
the water column at Station 3 (Figure 3). Figure 3 shows that 
in late August, September and much of October only about a 
2.5 meter "slice" of water at a depth ranging between 9 and 13 
meters provided optimal conditions for lake trout. At other 
lake stations conditions were not optimal for varying lengths of 
time during late summer. The cold water fishery in Crystal 
Lake may be eliminated if the dissolved oxygen depletion in the 
main body of the lake is further aggravated. 

Nutrients 

Phosphorus has been shown to be a key nutrient that often 
limits the growth of phytoplankton in lakes . The average total 
phosphorus concentration in the surface waters of the lake 
varied from 13 ugP/l at Stations 3 and 4 to 19 ugP/1 at Station 
1, (Appendix 2). It is generally accepted that nuisance growths 
of phytoplankton occur at a total phosphorus concentration of 
about 20 ugP/1. Based on total phosphorus concentration, 
Crystal Lake was considered mesotrophic. 
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FIGURE 3 OPTIMAL CONDITIONS FOR LAKE TROUT IN CRYSTAL LAKE DURING 1977 AT STATION 3. 
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Total phosphorus concentration in the bottom waters gradually 
increased at all stations during the winter. Generally increas- 
ing concentrations were also found during the late summer 
except at Station 3 where relatively constant values were 
recorded. The phosphorus probably originates from the accumu- 
lation of organic matter in the bottom waters. Moreover, some 
release of phosphorus may be occuring from the lake sediments 
during anaerobic conditions at stations 1, 4 and 5. Fortunately, 
no release or accumulation of phosphorus was noted for Station 
3 (representing most of the deep water sediments of the main 
lake). It is important that the yearly dissolved oxygen deple- 
tion in Crystal Lake is not aggravated to the point where 
phosphorus is released from the entire deep water zone. 

Total Kjeldahl nitrogen concentration in the surface waters was 
moderate with typical concentrations of 0.30 to 0.35 mg/I 
(Appendix 2). Inorganic forms of nitrogen (ammonia, nitrite 
and nitrate) had low concentrations through the open water 
period . 

Bottom water nitrogen concentrations were higher at all stations 
in response to the accumulation of organic matter and, with the 
exception of Station 3, probably in response to nutrient release 
from the sediments. 

Phytoplankton 

Results for Crystal Lake phytoplankton are summarized in 
Appendix 7, 

During the ice covered period of 1977 the blue green alga 
Oscillatoria dominated the phytoplankton community at Station 3. 
An average total phytoplankton density of 0.6 mm /I was found. 
Since growth conditions under ice and snow cover were Umited, 
the algae were probably overwintering in a dormant state 
(cf, Wetzel, 1975). 

Phytoplankton density in Crystal Lake during the ice free 
period were relatively low. Total densities were 0.4 and 0.5 
mm /I at stations 1 and 3 in the main body of the lake. SUghtly 
higher densities were found at Station 4 and 5 (0.9 mm /I at 
both). 

The predominant phytoplankton species at all stations during 
the ice free period was CycloteUa bodanica . This species is 
indicative of unenriched water quality conditions. Although the 
present density and composition of phytoplankton in the lake 
are indicative of good water quality, the "bloom forming" blue 
green algae are well represented in the phytoplankton community 
(eg. Anabaena, Aphani2omenon , Lyngbya , Oscillatoria ) . An 
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increase in the phosphorus concentration in the lake water will 
cause an increase in the proportion of these nuisance algae 
within the total community. With a significant increase in total 
phosphorus concentration undesirable algae blooms may occur. 

Benthic Invertebrates 

Results of benthic dredge samples taken from 9 deep stations in 
the lake are tabled in Appendix 8 . 

Organisms found varied in their ability to cope with low dis- 
solved oxygen concentration . For example Pontoporiea affinis 
and My sis relicta are sensitive to low dissolved oxygen concen- 
trations while Chaoborus , the tubificid worms and Chironomus 
can live in water with almost no dissolved oxygen for extended 
periods of time. An inspection of the lake bottom along a 
transect from shore to Station G using SCUBA revealed that 
Pontoporiea affinis and Mysis relicta were largely restricted to 
the area of the lake bottom just below the thermocline and 
above low dissolved oxygen concentrations (between about 15 
and 21 meters). These organisms are important food items for 
young lake trout (Scott and Grossman, 1975). Below 21 meters 
on the transect numerous chironomid tubes were noted suggest- 
ing that forms capable of living in low dissolved oxygen concen- 
trations were dominating. 

The densities of organisms were comparable to poorly to mode- 
rately enriched lakes. Community composition suggested that 
Crystal Lake was moderately enriched. 

Aquatic Macrophytes 

Growths of submerged aquatic plants in Crystal Lake covered 
less thiin 10 percent of the total lake area. A list of species 
noted is found in Appendix 9. 

In general most submerged plant beds consisted of several 
species with no one species of plant predominating. A few beds 
consisted almost entirely of MyriophyUum spicatum , the Eurasian 
water milfoil. This plant has become a nuisance weed in several 
lakes in the province because it grows in dense stands to the 
water surface, affecting recreational water uses. 

There have been some chemical treatments of nuisance weed 
beds carried out in Crystal Lake under the Ministry's Aquatic 
Extermination permit system. If Eurasian milfoil proliferates 
further in the lake and further chemical treatments are 
required, water quality may be adversely affected by the nutri- 
ents released from the decaying plants. It is recommended that 
mechanical harvesting of weedy shoreline areas be pursued. 
Chemical treatment is recommended only where it is absolutely 
necessary in shoreline areas of the lake. 
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WATER QUALITY STATUS 

Based on physical, chemical and biological indicators. Crystal 
Lake had good water quality during the 1977 survey. The 
trophic status of the lake was considered mesotrophic. Signi- 
ficant increases in the phosphorus supply to the lake could 
have the following undesirable effects . 

1. Algal density will increase with undesirable species, (e.g. 
Anabaena , Aphanizomenon , Oscillatoria, etc.) becoming 
more predominant, perhaps to nuisance proportions. 

2. With increased algal density will come decreased water 
clarity . This will eliminate phytoplankton species that 
thrive in the colder water of the thermocline, producing 
oxygen. 

3. The loss of this biological source of oxygen and the 
increase in organic matter (including dead algae) settling 
to the bottom waters will aggravate dissolved oxygen 
depletion and may eliminate the restricted zone of optimal 
conditions for lake trout that exists. 

4. Complete depletion of dissolved oxygen concentration for 
even a few meters above bottom in the main lake basin 
during stratification may cause nutrient release from the 
sediments that will further aggravate phytoplankton 
growths . 

Based on the above findings Crystal Lake is considered "sensi- 
tive" to significant changes in nutrient input. 
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PHOSPHORUS BUDGET 



The amount of phosphorus entering Crystal Lake from various 
sources was calculated as in Appendix 10. The following' table 
shows the significance of each source. 



% 



Kg P/yr 

supply from land drainage 252 37 

supply from precipitation 234 35 

i supply from existing cottages and homes 189 28 

675 

supply from vacant registered lots if 

developed as cottages 69 10 

It should be noted that during 1977 approximately 28% of the 
total phosphorus supply originated from cottages and homes. 
With the development of registered vacant shoreline lots an 
increase in supply to the lake of 10% is expected. This is 
assuming the normal environmental controls over lot development 
(e.g. normal separation between tile field and lake). 

The apphcation of the best available models to predict expected 
changes in water quahty parameters of Crystal Lake was not 
possible because of the complexity of the lake basin and its 
effect on water movement. However, in view of the sensitive 
nature of the lake water quality to further nutrient input and 
the significant proportion of phosphorus coming from cottages, 
the water quality of Crystal Lake could suffer from continued 
unrestricted development. 
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SUMMARY, RECOMMENDATIONS AND CONCLUSIONS 

1. A water quality survey of Crystal Lake undertaken during 
1977 has shown that the water quality of the lake is good 
with a mesotrophic status. 

2. There is a chain of undesirable water quality effects that 
will likely result from any significant increase in phos- 
phorus supply to the lake. In order to protect the exist- 
ing good quality of Crystal Lake, further development 
around the shoreline and inflows should be carefully 
planned to minimize or eliminate added phosphorus input to 
the lake . The following recommendations are made towards 
this end. 

A. Careful siting of septic tank and tile bed systems on 
vacant registered lots that are developed should be 
carried out by staff of the Health Unit to maximize 
the phosphorus retention capabilities of the natural 
soil and vegetation on the lot. 

B . New proposed development should be planned on the 
basis of a 100 foot setback of septic tank and tile 
field systems from the lake shore and inflows. As 
parts of the shoreline with steep slopes offer no 
retention of nutrients from tile bed systems, the 
upper edge of these slopes where land levels off 
should be considered the start of the 100 foot setback 
distance. 

C. Fill material used for the installation of the tile field 
systems should be of a reasonably fine nature to 
encourage the retention of waste materials such as 
phosphorus. 

D. Clearing of the vegetation on lots during develop- 
ment, especially between the tile bed site and the 
shoreline should be minimized , 

3. Shoreline aquatic weeds should be mechanically harvested 
whenever possible, rather than chemically treated. 

4. Continued participation in the Chlorophyll a Secchi disc 
Self-Help program is encouraged to aid in assessing long 
term trends in the water quality of Crystal Lake. 
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Results for Euphotic Zone Samples at Station 3 
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Appendix 2 



Results for Samples Taken 1 m. off Bottom at Station 3 
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Results for Euphotic Zone Samples 
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Results for Samples Taken 1 m. off Bottom 
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Inflows and Outflow Results 
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Appendix 3 Major Cations and Anions 

Sampled at Station 3, September 21, 1977 

Cations (mg/1) (me/1) Anions (mg/1) (me/1) 

Ca++ 32.0 1.597 HCO.,- 79 1.295 

Mg++ 2.40 0.197 SO."^ 12.5 0.260 

Na+ 0.8 0.035 CI 1.0 0.028 
K+ 1.00 0.Q26 

1.855 1.583 

* me HCO, - calculated from Total Alkalinity using Standard Methods for 
the txamination of Water and Wastewater. 13th Edition, 1971. 
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APPENDIX 4 b DISSOLVED OXYGEN CONCENTRATION (mg/l) ISOPLETHS FOR STATION 3 DURING 1977 (DEPTH IN 
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Appendix 5 
Station 5 

Depth in feet 
(ra.) 



Calculation of WOD for 
Crystal Lake 1977 



Area 
(ha.) 



Vol. X 10' 
(m») 



Winter D.O. 
Depletion Rate 
mg/l/day Kg/day 



12 

(3.66) 

24 

(7.32) 

36 

(10.98) 

48 

(14.64) 

60 

(18.3) 

72 

(21.96) 



53.00 

32.43 

21.86 

13.13 

7.46 

4.12 

0.26 



1.548 
0.987 
0.634 
0. 372 
0.209 
0.066 
27630 



0.048 


47.36 


0.042 


26.63 


0.054 


20.09 


0.089 


18.60 


0.135 


8.91 



121.59 



Winter Oxygen Demand calculated using Area and Volume under 12 feet* 
^^ ^ ^ll'.ll = 3-8^^ ^ 10^ = 384 mg/mVday 

Note: The winter drawdown of lake level and ice depth accounted for approximately 
the 12 foot contour line on the MNR map. 

Vol. of strata=h(^^^^^^^^j 



where h = vertical depth of strata 

A, = area of upper surface of strata 
I A« = area of lower surface of strata 
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Append! 


X 6 


Calculat 


Ion 


Of 


AHOD for 










Station 3 


Crystal 


Lake 


1977 










Depth 




Area 






Vol. X 10^ 


Hypol 


imnet 


,ic 


D.O. 


(m.) 




(ha. ) 






(ni3) 


Deple 


tion 


Rate* 














mg/l/day 






Kg/day 


14.64 




129.91 






4.226 


0.0487 






205.8 


18.30 




101.61 






3.010 


0.0495 






149.0 


21.96 




64.31 






1.806 


0.0502 






90.7 


25.62 




35.76 






0.982 


0.0513 






50.4 


29.28 




18.78 






0.453 


0.0624 






28.3 


32.94 




6.94 






0.0106 


0.0706 






0.7 


33.4 























524.9 


AHOD = 


524.9 


Y in2 = 4 


>n4 m 


n/m 


2/riav 











129.91 
*values in mg/lday from linear regressions of D.O. versus time for each strata. 



Appendix 7 



Crystal Lake Phytoplankton Results* 
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Appendix 7 (cont'd) 



Chlorophyceae 
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Crystal Lake Phytoplankton Results* 

Stn. 3 
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*re5ults in mm^/ml 



Appendix 8 Crystal Lake Benthic Invertebrate Results 

A BCD E F G H 



Sample Depth 11.0 m 18.0 m 22.0 m 29.0 m 30.0 m 32.0 m 26.0 m 26.0 m 26.0 m 



Common Name ' ^ ~ ' ^~ ^^^ ~~ ^_^ ^ ___ __ 

(Family) 
Genus 

Worms 

(Tubificidae) 36 327 200 18 IB 

Fly Larvae 

(Chironomidae) 

Chironomus 418 182 582 455 

Tanypodinae 18 

Tanytarsus 55 55 

Tanytarsini t*» 

Tribelos 18 36 273 V 

Procladius 73 

(Chaoboridae) 

Chaoborus 36 IS 327 

Crustaceans 

Ponteporeia Affinis 18 18 109 

Mysis Relicta 18 

Station Total 36 418 72 654 1292 18 473 18 327 

*taken with a 24 x 22 cm Ponar dredge, results in organisms/m^ 
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Appendix 9 



Macrophytes found in Crystal Lake 1977 



Genus, species 



common name 



Hyriophyllum spicatum 

Chara sp 

Vallisneria americana 

CeratophylluBi demersum 

El odea canadensis 

Bidens beckii 

Potamogeton amplifolius 

P. grami neas 

P. zostn'formis 

P^ richardsoni 

P. robinsii 

P^ strictifolius 

P. I'ninoensi's 

Potamogeton sp. 



Eurasian milfoil 

stonewort 

tapegrass 

coontai 1 

Canada waterweed 

water marigold 

bassweed 



ribbon leafed pondweed 
clasping- leaf pondweed 
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Appendix 10 Calculation of phosphorus budget for Crystal Lake 

Supply from land drainage 

Using the revised total phosphorus export value for a forested igneous 
watershed (E = 5.5 mg/m^/yr) from Dillon (1977). 

Jr (phosphorus supply from the land drainage) = Ad X E/IO, 
^ = 252 Kg/yr. "^ 

Supply from precipitation 

Using a revised figure for the total phosphorus loading of 50 mg/m^yr. 
(Dillon, 1977) 

Jpr, (phosphorus supply from the atmosphere to the lake) 

= 234 Kg7yr. 

Phosphorus input from shoreline development 

It was assumed that the phosphorus export from each cottage was 0.4 Kg/yr. 
This figure appears realistic for management purposes as it is below 
Dillon's estimated figure of 0.61 Kg/cottage which assumes that no phos- 
phorus is retained in the septic tank and tile field and above the figure 
of 0.28 Kg/cottage which Nicholls (1976) calculated as the amount of 
phosphorus seeping into Harp Lake. For the 21 permanent dwellings on 
Crystal Lake, it was assumed that each unit had an average occupany of 4.3 
persons and that the sewage disposal system removed 80 percent of the 
total phosphorus before it reached the lake. 

J. cottages = 0.4 X 434 =174 Kg/yr. 

jj perm, residence = 4. 3 X 0.8 X 0. 2 X 21 = 15 Kg/yr. 

J. existing = 189 

Similarly for vacant registered lots J. = 69 Kg/yr. 
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